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Abstract—Effective supervision has become a highlight in higher 
education in recent years. While striving for excellent student 
development, the constant stress in student supervision has become 
dominant. Outstanding supervisors can contribute to the 
prominence of institution image, especially in Engineering 
Education. This paper discusses the elements that are needed for 
developing effective supervision by using Exploratory Factor 
Analysis. The outcome of the study will serve as the competence 
dimensions for Supervisory Input Support that was developed by 
the researcher. It can be used in supervision practice especially in 
technical and engineering project supervision. Nevertheless, 
generalization of the outputs can also be applied to the other 
education landscape. 
Keywords—effective supervision; engineering education; 
supervisors; supervisory input 
I.  INTRODUCTION 
Developing effective supervision has to be observed 
through two important entities which are supervisor and 
supervisee. This paper will only focus on supervisor’s role and 
function. Lessing and Schulze [1] describe the supervisory 
role as a balancing act between various factors: expertise in 
the area of research, support for the student, critic, and 
creativity. Ives and Rowley [2] emphasize the importance of 
matching supervisors to graduate students in terms of both 
topic expertise and working relationships. These authors also 
note the changing needs of students, which may necessitate a 
change in supervisory practices as students’ progress through 
their program. In order to provide the best practices of 
supervisor, the concept and definition of supervisor were 
engaged to mold the relevant inputs for supervisory support. 
II. PROBLEM STATEMENT 
There are reports regarding the skill of supervisor and their 
support towards their supervisee. This is often occurs to new 
supervisors and the to those who are busy with management 
and office task rather than supervision. Lessing and Schulze 
[1] recommend that supervisors receive training in order to 
meet their graduate students’ needs effectively. They also 
determined that a varied pattern of supervisory involvement in 
the research process produces the best results. This pattern 
involves a significant initial investment in time and effort in 
formulating the research objectives, followed by less 
interaction and more monitoring during the implementation 
phase, and finally increased input during the eventual writing 
of the report. 
III. PURPOSE OF THE STUDY 
The purpose of this study is to identify and describe the 
level of supervisory input and the factors that contributes to 
this construct. The study will also identify the factors that 
were developed by Exploratory Factor Analysis.  
IV. METHODOLOGY 
This is a fully quantitative data and was administered to 
360 respondents from technical students in Malaysian 
Advanced Technology Training Center. Survey method was 
used as the instrument. The data was analyzed using SPSS 
software. Descriptive output and the EFA analysis will be 
explained in this study. 
V. INSTRUMENTATION 
Instrument for this study was an adapted questionnaire 
from Ismail and Abiddin [3] and self-develop items based on 
previous scholars. The items in the supervisory input that are 
commonly discussed by the scholars includes management 
input, interpersonal input, academic input, research input and 
language input [1,2,4,5]. However, the researcher introduced a 
new dimension in terms of technical and innovation input. 
These inputs will be tested to determine their factors. Thus, 
the final dimensions for SIS were decided as Managerial Input 
(MI), Academic Input (AI), Interpersonal Input (IP), Project 
Input (PI) and Technical and Innovation Input (TII). 
VI. DEVELOPING SUPERVISORY INPUT SUPPORT (SIS) 
CONSTRUCT 
Frick [6] in his paper proposed five (5) inputs namely 
Managerial Input, Research Input, Academic Input, Language 
Input and Interpersonal Input. These inputs can be said cover 
all the process during the research or supervision. Since the 
research was applied to postgraduate students, an amendment 
should be made to suit with TVET environment.  
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TABLE I: SUPPORT FACTOR (TERRY AND FRANK, 2002) 
Pastoral Care Material Financial Technical 
Proactive supervisor  Office space  Research funds  Statistics  
Sensitivity to candidate 
needs 
Equipment  Conference 
funds  
Software  
Mentoring  E-mail  Industry 
funding  
Network 
support  
Guidance; keeping on 
track  
Photocopying  Scholarships  Supervision 
training 
program  Morale raising  Policy 
manual  
 
Encouragement  Ph.D 
handbooks  
  
Confidence building     
Inspiring to persist     
Positive feedback     
Problems assistance     
Group support     
Two-way commitment     
Interactivity     
Complementary 
research sharing  
   
Supervision sharing     
Exposure to academics 
discipline  
   
Informal meetings     
 
Terry and Frank [7] identified 80 variables that were 
deemed to be significant to explain the supervisory and 
support needs for both supervisor and students. The method 
employed utilized a quasi-Delphi technique in which they 
worked on the documents simultaneously, and yet iteratively, 
made reasoned judgments through the comparison of 
differences that arose. The 80 variables were further clustered 
into eight groups. Each of the groups, was factored according 
to whether they were classified as ‘structural’, ‘support’ or 
‘exogenous’. The 'structural' factor is defined as those 
elements supplied principally by the supervisor(s) in 
negotiation with the candidate. They are generally directive 
aspects and incorporate the variable groups of the 
organizational process, the accountability stages and skills 
provision. The elements of this factor assist in the 
management process of the items.  
TABLE II: SUPPORT AND GUIDANCE NEEDS 
Support and Guidance Needs 
Design an acceptable proposal 
Plan the sequence of the chapters of the report 
Achieve a balance between chapters 
Plan the research project in terms of time frames 
Deciding: theoretical and/or empirical approach 
Present literature review critically and logically 
Present literature in an integrated manner 
Deciding: quantitative, qualitative or combined  
Decisions about data collection methods 
Present and interpret research results 
Substantiate conclusions 
Research in an ethically responsible way 
Attend to editorial aspects 
Ensure bibliography and references correspond 
Ensure dissertation is scientifically rigorous 
 
The ‘support’ factor is comprised of the elements 
supplied by the institution and supervisors that are non-
directive, optional and discretionary. These include variables 
that can be grouped into areas such as pastoral care, material 
requirements, financial needs and technical support. The 
arrangement of the groups and variables are shown in Table I. 
Lessing and Schulze [1] found that the increasing numbers of 
disadvantaged students and appeals for improved completion 
rates. Thus there is concern for quality. Among others, quality 
is determined by the extent to which students’ expectations are 
met.  
TABLE III: INDICATORS OF EFFECTIVE AND INEFFECTIVE SUPERVISORS 
Effective  Ineffective  
Larger experience base  
Encouraging  
Facilitator of learning  
Resourceful  
Committed to student  
Multidisciplinary  
Directed by student’s needs  
Highly organized  
Positive self-image  
Good writer 
Insightful 
Intelligent 
Knows what he/she wants  
Supportive  
Small experience base  
No encouragement given  
Uncertain of role  
Not resourceful  
No interest in student  
Expert in narrow field  
Driven by self-needs  
Lacks supervision experience  
Lacks research experience  
Not good at writing  
Neophyte  
Ill-equipped  
Does not know what he/she wants  
Judgmental  
 
Apart from above inputs, a Technical and Innovation 
Input was composed by focusing on creativity and innovative 
elements. Weiß [8] describe innovations as something new 
that may be a new product, a new service or a new solution to 
a problem. Innovations do not, however, always have to mean 
something which is completely new. Innovations can also 
involve the application of a solution familiar in principle 
within a new context.  
According to the Commission [9], enhancing 
creativity and innovation has been highlighted as a priority 
until 2020. Europe needs to strengthen its capacity to respond 
effectively to the global challenges on the way to a highly 
developed knowledge society: innovative capacity is closely 
linked with creativity as a personal attribute. Hence, creativity 
and innovation are often keys to the success of a society, 
particularly when designing projects and policies for the 
future. In Bordeaux, in 2008, the participating countries 
renewed the commitment they first made to Vocational 
Education and Training (VET) in Copenhagen in 2002. They 
agreed to do more to raise the image, status and attractiveness 
of VET and they will dedicate attention to improving the 
conditions for VET, stressing quality, good governance and 
innovation in lifelong learning. The purpose of the so-called 
Transfer of Innovation projects is to capitalize the experience 
acquired in effective training and practice from the former 
program, to learn and transfer it to others. This program 
creates trainees with creativity and becomes professional 
workers with multi skills.  
Stach and Stöger [10] reported that creativity refers 
to the development of ideas to transform and restructure 
established and ingrained practices and products, carried by an 
impulse to find more satisfactory solutions than those which 
already exist. Emphasizing routine actions is a hindrance to 
2014 IEEE 6th International Conference on Engineering Education978-1-4799-4595-5/14/$31.00 ©2014 IEEE 47
creativity. Creativity in substance encompasses all scopes of 
action: (1) design and utilization of products and services; (2) 
distribution and marketing thereof; (3) working processes and 
manufacturing techniques; (4) cooperative relations and 
organization; and (5) working conditions and social climate at 
work. Creativity is characterized by the following: (1) a (self) 
critical eye for problems and weak points in traditional 
practices and products; (2) breaking down fields of activities 
into simpler elements, using the latter to activate stored 
experiences considering additional aspects hitherto not taken 
into account; and (3) linking the results of the analysis with 
new solution drafts and verifying these in practice. 
Innovations are proposals for solutions attained 
through creativity processes and capable of changing, 
complementing or replacing traditional practices and products 
[10]. The originality of proposals for solutions is expressed as 
relative to the different reference groups such as for a single, 
group or a company practice. Innovations also can be 
categorized into realized: turn some ideas into reality to solve 
problems. While used in the context of creativity, the term 
innovation states whether or not the creation of ideas has bred 
realistic results.  
 
VII. THE FINDINGS AND DISCUSSION 
 
According to Field [11], the value of skewness for 
multivariate analysis should be less than ±1.96 to show the 
normality of data distribution. Skewness or standard error can 
be calculated by Z score. With α = .05, Z score = ±1.96. The 
value of Z-Score for SIS is -0.318 and it is still in the range of 
acceptance. This value is important for data normality. The 
calculation is shown in Table IV. 
 
TABLE IV: NORMALITY TEST OUTPUT 
 
Construct Output  Statistic Std. Error Z-Score 
SIS Mean 4.1390 .02341 
95% Confidence 
Interval for 
Mean 
Lower 
Bound 
4.0930   
Upper 
Bound 
4.1850   
5% Trimmed Mean 4.1410  -0.041/0.129 =  -0.318 
Median 4.1200   
Variance .197   
Std. Deviation .44420   
 
The respondents of this study were the final year 
students in Diploma Program from four main ADTECs in 
Malaysia which cover the Peninsular of Malaysia. Most of the 
respondents are from the age of 21-25 with 91.4%. 5.6% aged 
below 20 and 2.8% are from age 26-30. Only 1 respondent 
ages above 30. Most of the respondents are male with 68.6% 
and female with 31.45%. Malay respondents depicted the 
large participation with 81.7% followed by others 8.3%, 
Indian 5.3% and Chinese 4.7% as in Table V. Both chosen 
sectors were equally analyzed with 180 respondents each. The 
numbers of respondents from each of the institute was 
determined by stratified random sampling.  
TABLE V: DEMOGRAPHIC PROFILE 
Title Description Frequency Percent Valid Percent 
Cumul
ative 
% 
Age Below 20 20 5.6 5.6 5.6
21-25 329 91.4 91.4 96.9
26-30 10 2.8 2.8 99.7
Above 30 1 .3 .3 100.0
Gender Male 247 68.6 68.6 68.6
Female 113 31.4 31.4 100.0
Race Malay 294 81.7 81.7 81.7
Chinese 17 4.7 4.7 86.4
Indian 19 5.3 5.3 91.7
Others 30 8.3 8.3 100.0
Sector EE 180 50.0 50.0 50.0
ICT 180 50.0 50.0 100.0
Total 360 100.0 100.0
 
The most important support needed by the students as 
reported in the research are Project Input (μ=4.198) and 
Academic Input (μ=4.142) as in Table V. It is followed by 
Managerial Input (μ=4.089), Technical and Innovation Input 
(μ=4.073) and Interpersonal Input (μ=4.033). Since the project 
supervision is a process of learning and teaching; developing 
the student; and producing the research project/outcome as a 
social practice [12], a supervisor is needed to understand the 
students’ need and turn the process into a good outcome. 
According to Hodza [13], supervisor must be willing to 
make adjustments in the relationship process to meet the 
supervisee’s learning needs. This includes the consultation and 
appointment with the students. Holloway [14] referred to this 
as the artistry of supervision.  
TABLE VI: THE LEVEL OF SIS 
Rank Construct 
N Mean 
Std. 
Deviation
1 Project Input (PI) 360 4.1978 .58371
2 Academic Input (AI) 360 4.1422 .59130
3 Managerial Input (MI) 360 4.0894 .59271
4 Technical and Innovation 
Input (TII) 
360 4.0728 .63451
5 Interpersonal Input (IP) 360 4.0328 .65234
 
Exploratory Factor Analysis (EFA) was conducted to 
SIS and especially for Technical and Innovation Input (TII) to 
test whether it is fit to be a dimension for SIS. TII is a self-
developed items and new dimension introduced by the 
researcher based on the theories by Weiß [8] and Stach and 
Stöger [10]. The result of the analysis can be studied in Table 
VII. Items were coded as A1, A2, A3 and so on that represent 
the supervision criteria. 
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TABLE VII: EFA FOR TECHNICAL AND INNOVATION INPUT (TII) 
 
 Component 
Item 1 2 3 4  
A1  .796   
A2  .601   
A3  .688   
B1  .560  
B2  .589  
B3   .767  
C1    .671 
C2    .746
   C3     .736
D1 .718    
D2 .813    
D3 .775    
D4 .740    
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 15 iterations. 
 
Exploratory factor analysis (EFA) is used to identify 
complex interrelationships among items and group items that 
are part of unified concepts [15]. The researcher makes no "a 
priori" assumptions about relationships among factors. 
Extraction method in the analysis was Principal Component 
Analysis (PCA) with Varimax rotation method. This is 
commonly used by many researchers. This rotation is an 
orthogonal rotation of the factor axes to maximize the variance 
of the squared loadings of a factor (factor 1 to 4) on all the 
variables (A1, A2, A3, B1, B2, B3, C1, C2, C3, D1, D2, D3, 
D4) in a factor matrix. It can differentiate the variables based 
on its factor. It extracts the factor and set the loadings for each 
items either small or large value. The results make the process 
of identifying the variable becomes easier.  
During the process of interpreting factor loadings, the 
0.7 level corresponds to about half of the variance in the 
indicator being explained by the factor. The 0.7 can be 
considered as high. Normally, we seldom meet this criterion, 
which is why some researchers, especially for exploratory 
purposes use a lower level such as 0.4 for the central factor, 
and 0.25 for other factors. It can be said that loadings above 
0.6 can be considered as high and those below 0.4 as low. In 
any event, factor loadings must be interpreted based on the 
theory, not by random cutoff levels. In a study by Morley et al. 
[16], the loading was set to 0.4 as the minimum value. 
From Table VII, the items were grouped into 4 
components and thus explain the factors that contribute to SIS. 
Therefore, to examine the level of Supervisory Input Support 
(SIS), these 4 factors were deemed as significant in analyzing 
this construct thoroughly in this research context. The final 
result is shown in Table VIII. 
 
TABLE VIII: THE FINAL DIMENSION OF SIS 
 
Dimension Items 
Management 
Input (MI) 
Organizing: arranges follow-up meetings with me 
Directing: provides me with information on relevant 
sources 
Monitoring: checks my progress 
 
Project Input 
(PI) 
Literature review: tutors me on how to access 
information 
Project proposal:  provides me with criteria for my 
project proposal 
Project development:  shares his/her knowledge with 
me or refers me to an expert 
 
Academic 
Input (AI) 
Discipline / subject field expertise: shares the 
knowledge and experience with me 
Assessing: assesses my progress continuously 
Evaluation: provides input on the quality of my 
project  
 
Technical and 
Innovation 
Input (TII) 
Alert me on new and emerging technologies 
Advises me to solve problems by the innovative use 
of materials 
Monitors me in design and incorporation of 
innovative manufacturing methods 
Develop competitive new technological products 
 
Agreeing to supervise a project means undertaking to 
work in close collaboration with someone who is embarking 
on a journey within themselves: a journey which may at times 
profoundly exciting, but which will also certainly be difficult, 
risky and painful [17]. A research degree is about research 
training as well as contributing to knowledge and although it 
is not impossible to find ways of training oneself, the whole 
process is designed to be guided by a supervisor [18]. Both 
student and supervisor must wish the relationship to succeed. 
Otherwise, the problems in the relationship can affect the 
student’s progress. Cryer [18] showed that only highly 
committed students will successfully complete their research 
degrees if the relationship with their supervisors is poor. 
Therefore, a supervisor and student must have a very good 
relationship and be very close to each other [5].  
Furthermore, the learning system for skills programs 
by the project is not examination oriented, but thinking 
oriented. At the end of the program, the students are required 
to submit these theses. Malfroy [4] reports that graduate 
students often experience frustration as a result of a perceived 
lack of support or what is referred to as a disjunction in 
expectations between the student and the supervisor. Zuber-
Skerrit and Roche [20] state that the main problems in 
supervision as inadequate supervision: supervisors’ lack of 
experience, commitment. A student is frequently his/her 
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supervisor’s closest colleague [21]. Thus, student experience 
can be strongly influenced by the nature and extent of 
negotiation with the supervisor, as well as by characteristics 
such as gender and ethnicity [22]. Meanwhile new 
supervisors, also increasingly diverse in their backgrounds, are 
learning to deal with greater demands for productivity, 
scrutiny of performance, and expectations for excellence in 
teaching as well as research [5]. Like students, they are trying 
to balance these factors and situate themselves in their new 
community of practice while maintaining an acceptable 
quality of life [23]. Therefore, a further focus in ensuring 
smooth operation of supervision transfer is to provide the 
students with adequate supervisory input.  
Figure 1 explains the final dimension of SIS that 
consists of 4 main elements which are MI, PI, AI and TII. 
Implementations of these elements into supervision will 
enhance students’ progress. Ismail et al. [19] propose that 
good supervision contributes to the prominent of institutions' 
image. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The Final Dimensions of SIS 
 
VIII. THEORITICAL AND PRACTICAL CONTRIBUTION 
 
Theoretically, this study provides the best practice of a 
supervisor. The elements introduced here were generated from 
the empirical data. The outcome will minimize the gap in 
research of supervision. It also contributes to the practical 
implementation where institutions can adapt these ideas into 
their system.  
 
IX. CONCLUSION  
 
This study reveals that there are ways to become an 
effective supervisor. It might involve many aspects such as the 
experience, training and personality. However, a supervisor’s 
style may differ from one and another. In this study, a 
supervisor in engineering education can make use the inputs 
that are needed in a student’s development to be practiced. It 
has proved that, the factors are the contributor in Supervisory 
Input Support. The outcome of this study can act as the 
guidelines for a supervisor along their career. It is hoped to 
assist the institution in developing effective supervision. 
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